Questions: 1. Are there differences among species in their preference for coniferous vs. deciduous forest? 2. Are tree and shrub species better colonizers of recent forest stands than herbaceous species? 3. Do colonization patterns of plant species groups depend on tree species composition? Location: Three deciduous and one coniferous recent forest areas in Brandenburg, NE Germany. Methods: In 34 and 21 transects in coniferous and deciduous stands, respectively, we studied the occurrence and percentage cover of vascular plants in a total of 150 plots in ancient stands, 315 in recent stands and 55 at the ecotone. Habitat preference, diaspore weight, generative dispersal potential and clonal extension were used to explain mechanisms of local migration. Regression analysis was conducted to test whether migration distance was related to species' life-history traits. Results: 25 species were significantly associated with ancient stands and ten species were significantly more frequent in recent stands. Tree and shrub species were good colonizers of recent coniferous and deciduous stands. In the coniferous stands, all herbaceous species showed a strong dispersal limitation during colonization, whereas in the deciduous stands generalist species may have survived in the grasslands which were present prior to afforestation.
Introduction
Two major trends have changed the forest area and tree species composition in the central European landscape during the last 250 years. First, wooded areas were expanded either by afforestation or spontaneous regeneration (Mather 2000) . In the 19th century, sandy soils of the plains (often former heathland) were afforested mainly with Pinus sylvestris, whereas in the 20th century preferably moist lowlands were afforested with Alnus glutinosa or Populus spp. (Hermy & Stieperaere 1981) . Second, many deciduous forests were converted to coniferous forests (Ewald 2000) . With increasing interest in sustainable forestry the conversion of evenaged coniferous stands into mixed or pure broad-leaved stands has been promoted over the last 10 to 15 years (Nyland 2003) . Ancient deciduous forests (= forested areas for at least 200 years) are known to be richer in true forest herbaceous species than forests established on former agricultural land (= recent forests), and many plant species show a strong affinity to the former of these habitats Wulf 2003) .
Comparative studies of the flora of ancient and recent coniferous forests have not been carried out to date, but from Nagaike et al. (2005) we know that the conversion of ancient deciduous stands into coniferous stands does not necessarily lead to a loss in herbaceous forest species. Several studies have shown that true forest species with adaptations for long-distance dispersal are better colonizers of recent stands adjacent to ancient stands than those without. Herbaceous species often show a marked and rapid decrease, both in terms of number and abundance, with increasing distance to the adjacent ancient stands (Verheyen et al. 2003 ). However, all previous studies (but see Dzwonko 2001) focussed exclusively on deciduous recent stands which is quite surprising given the large extent of recent coniferous stands in present-day European landscapes. Moreover, previous studies excluded tree and shrub species in the herb layer (i.e. seedlings and saplings) and focussed on single species instead of species groups.
Grouping of species according to their life history traits (e.g. dispersal potential) may be useful to predict the vegetation dynamics , and to identify general patterns in the colonization of recent stands.
The thickness of the litter layer and acidification both hamper recruitment and growth of typical deciduous forest species (e.g. Eriksson 1995) . Since litter of evergreen species accumulates over the years and produces organic acids (Augusto et al. 1998) , one could expect that some species are unable to colonize recent coniferous forests or that migration is at least significantly delayed in comparison with colonization processes in deciduous forests. However, Dzwonko (2001) found several forest species in recent coniferous stands on limestone.
The objective of this study is to examine the ability of various species groups to colonize recent stands of different tree species composition and to analyse whether particular species traits, such as life history and habitat preference, can be used to explain patterns of migration into recent coniferous and deciduous stands. Such investigations are essential for understanding distribution patterns of plants on the local scale and for making suggestions for a future forest management that also takes nature conservation aspects into account. More specifically, we addressed the following questions:
1. Are there differences among species in their preference for coniferous vs. deciduous stands?
2. Are tree and shrub species better colonizers of recent forest stands than herbaceous species?
3. Do colonization patterns of plant species groups depend on tree species composition?
Methods

Study sites
We analysed colonization patterns of deciduous recent stands in three forests, and of coniferous recent stands in one forest (Table 1) in the Federal State of Brandenburg in NE Germany. In all ancient sites only a few trees have been logged over several decades. The adjacent deciduous recent stands were former grassland. The coniferous recent stands are located within a large deciduous forest area and have undergone ploughing and tilling after clearing of the preceding forest stand (Table 1) . It is not a recent stand in the strict sense, but the measures prior to afforestation completely destroyed the herb layer, notably the use as an arable field. To simplify matters we used the term 'recent'.
The mean annual temperature of the study region is 8-9 °C (January: -1-0 °C, July: 18 °C) and the mean annual precipitation varies between 500 mm and 650 mm. Prevalent geological substrates are ground moraines from the Saale and Weichsel glaciation consisting of sand and loam, and fluvial sand deposits. The investigated forests grow mainly on fresh to moist, mesotrophic to eutrophic soils. Soil types can be designated as eutric cambisols, haplic stagnosols and haplic gleysols (Anon. 1998) .
Zonal vegetation is dominated by Fagus sylvatica and Quercus petraea and Q. robur. Woodland communities on meso-or eutrophic, mostly moist soils (Fagion, Carpinion, Alno-Ulmion) are frequent (Hofmann & Pommer 2004) . All ancient stands of our study sites, with varying proportions of mainly F. sylvatica, Fraxinus excelsior and Q. robur (Table  1 ) and a species-rich herb layer, belong to the Stellario holosteae-Carpinetum (Carpinion) (ShC) and to the Stellario nemori-Alnetum (Alno-Ulmion) (SnA). The tree layer of the deciduous recent stands mainly consists of Alnus glutinosa and F. excelsior (ShC/SnA) and the coniferous recent stands are exclusively Pinus sylvestris stands (Table 1) . To identify recent stands adjoining ancient stands we compared historical maps (from 1780 and 1880) with actual maps (from 1980, all maps at scale 1 : 50 000). Information on the exact year of origin of the recent stands and on further characteristics of the stands, including former use of the recent stands, was compiled from documents of the local forest service.
Data collection
In spring and summer 2001 and 2002 we investigated 34 and 21 transects in coniferous and deciduous recent stands, respectively. Each transect was laid perpendicular to the boundary between the ancient and the recent stand, and crossed the boundary. Length of transects in the recent stands varied between 22 m and 87 m (Table  1) , and there was a distance of at least 10 m between the transects. Transect length in the ancient stands varied between 6 m and 28 m. Number and length of transects depended on the size of recent stands and the area with similar site conditions. Along each transect, we placed 3 m × 3 m sampling plots at distances of 3 m. In some deciduous stands distances varied between 1.5 m and 10 m to avoid some disturbed areas in the herb layer caused by wild boars. Canopy cover was similar among the recent stands (Table 1) .
To achieve comparability between recent stands of different age we calculated standardized distances for each plot by dividing the distance to the ancient stands by the age of the recent stands (Bossuyt et al. 1999 ). In total, we sampled 520 plots (114 in the ancient coniferous and 36 in the ancient deciduous stands as well as 189 in the recent coniferous and 126 in the recent deciduous stands, respectively, and 55 at the ecotone). In each plot we estimated the cover of all vascular plants in the herb layer to the nearest percent from 1%-5% and to the nearest 5% from 10%-100% cover.
Species groups
To investigate the mechanisms of local migration we grouped species according to their habitat preference and some life history traits and tested whether these species groups differed in their colonization abilities. For the classification of herb layer species into forest specialists (plant species closely tied to forests including forest clearings and fringes) and generalists (species growing in the forest as well as in open vegetation) we used the list of Schmidt et al. (2003) . Few species which were not listed (species of open vegetation) were also included in the generalists (App. 1).
We selected three species traits (diaspore weight, dispersal potential and clonal extension), which we expected to be related most to the distribution patterns along transects in recent stands. To obtain sufficient data in all species groups and a similar number of species in the groups we created two subgroups for each trait, corresponding to low and high values. Dispersal potentials were mainly derived from diaspore morphology; they were substantially improved by recent knowledge on influence of exposition height and terminal velocity on wind dispersal distances and on regional dispersal processes by animals (App. 2). We checked inter-correlations between all species groups, but only seed weight and dispersal potential showed a relatively weak negative, but significant correlation (Kendall's τ = -0.25, p = 0.005).
Data analysis
Preferences of species for ancient or recent stands (ecotones excluded) and ancient, deciduous parts of both transect groups, respectively, were checked with an online Fisher's exact probability test (http://graphpad.com/quickcalcs/contingency1.cfm). Only species occurring in at least five plots were considered. A linear regression analysis was conducted to test whether colonization patterns are related to species traits. For this, we first calculated mean cover values of species of the different trait subgroups (low and high values) and then regressed the means on the standardized distances. For this analysis we used data from the ecotone and the recent stand plots. According to our second and third questions we checked whether some species groups show steeper slopes than others in both forest types, and whether certain species groups always show steeper slopes within the coniferous stands than within the deciduous stands. Since normal distribution of the slope values cannot be achieved via transformation we applied the Mann-Whitney U-test to compare species groups and trait-based groups. All statistical tests were carried out with SPSS 12.0 (Anon. 2003) . Table 1 . Characteristics of studied forests and transect groups: dominant tree species: Ag = Alnus glutinosa, Fe = Fraxinus excelsior, Fs = Fagus sylvatica, Bv = Betula pendula, U = Ulmus, Cb = Carpinus betulus, T = Tilia, Q = Quercus, and Ps = Pinus sylvestris. CC = canopy cover, and site conditions according to forestry inventory (K, R = high and very high nutrient level; N = wet sites; 1, 2 and 3: moist, fresh and dry sites), humus type (fMu = humid mull, fMM = humid, mull-like leafmould, iMo = relatively fresh leafmould). 
Results
Preference of species for contrasting stands
Of the 76 plant species 25 (34%) were significantly more frequent in the ancient stands compared to recent stands (Fisher's test, p < 0.05) and ten species (13%) were significantly more frequent in the recent stands (Table  2) . Only three of the 20 tree/shrub species (15%), but 22 of the 54 herbaceous species (41%) were significantly associated with ancient stands. Whereas 21 species were significantly more frequent in ancient stands compared to coniferous recent stands, this was only true for three species when comparing ancient to deciduous recent stands. Of the ten species with preference for recent stands, six occurred only in the coniferous recent stands and four only in the deciduous recent stands. Differences between the ancient, deciduous parts of the two plot groups were also pronounced ( Table 2) . Eight species, among them many seedlings and saplings of trees and shrubs, were significantly more frequent in the coniferous recent stands, whereas 14 species, especially indicators of wet and base-rich soils, were more frequent in the deciduous recent stands. 
Colonization patterns of trait-based subgroups
Despite the steep regression slopes in the deciduous recent stands we found only relatively marginally significant results for the forest specialists compared with the generalists (Table 4) due to high variance in the data set. All but one comparison of trait-based subgroups for the generalists delivered (highly) significant results. Thus, generalists reflected much better the different pattern of colonization between coniferous and deciduous sites than the forest specialists. Surprisingly, the generalists with low dispersal potential and low clonal extension showed a distinctively higher increase in cover in the recent deciduous sites compared to the recent coniferous sites (Table 4) . However, similarly to the results shown in Table 3 the forest specialists and generalists behave without exception as counterparts in the deciduous sites, but not in the coniferous sites.
Discussion
Methodological problems
Site effects on species colonization cannot fully be excluded at the regional level (cf. Verheyen et al. 2003) and even more so at the local level (cf. Utsugi et al. 2006) . We spent much time locating forests with straight boundaries between ancient and recent stands, and without obvious disturbances by forest management. We tried to minimize site effects on colonization pattern by choosing ancient and recent stands with comparable site conditions according to the very fine scaled forest inventory (maps at scale 1:10 000, Table 1 ). Additionally, for the analysis of colonization pattern the use of functional groups is an approach which is more likely to reduce local site effects on species composition/colonization than analyzing single plant species (cf. Hérault et al. 2005) .
Preference of species for ancient vs recent stands
Among the 25 species associated with ancient stands in the present study only nine (e.g. Anemone nemorosa and Maianthemum bifolium) are frequently mentioned as indicator species of ancient forests in Europe . The preference of species for ancient forests is often explained by their lack of effective seed dispersal . Indeed, the diaspores of many forest specialists have no features facilitating long-distance dispersal (Klotz et al. 2002) and species colonize recent forests slowly or are absent even after several decades or centuries (Verheyen et al. 2003) . However, species' preference for ancient forests is nearly restricted to
Colonization patterns of species groups
In the coniferous sites, the cover values of species groups and trait-based subgroups always decreased from the ecotone to the recent stands, whereas some slopes were, unexpectedly, less steep compared to those of the deciduous sites (Tables 3 and 4 ). The few trees and shrubs in the deciduous ancient stands colonized the deciduous recent stands faster than the coniferous recent stands. The herbaceous species are also fast colonizers, but the result is not significant (Table 3) . Differences in the median of slopes between trees/shrubs and herbaceous species were highly significant for the coniferous recent stands, but not for the deciduous recent stands despite an obvious trend (Table 3 ). The colonization of recent stands by forest specialists appears to be more hindered in deciduous than in coniferous sites, but is not significant (Table 3) . In contrast, generalists show an increase of cover in the deciduous recent stands, whereas in coniferous recent stands all herbaceous species are strongly hindered in colonization (Table 3) . Table 3 . Comparison of regression slopes (medians) in coniferous vs. deciduous stands. Slopes are derived from a linear regression of the total cover of species groups on the standardized distance from the ancient forest edge. Mann-Whitney U-test, p-values are designated as *** = p ≤ 0.001; ** = p ≤ 0.01; * = p ≤ 0.05; (*) = p ≤ 0.1; n.s. = not significant. GS -diaspore weight low -1.65 vs.. 5.49 *** GS -diaspore weight high -0.75 vs. -0.87 n.s.
GS-dispersal potential low -5.02 vs. 13.96 *** GS-dispersal potential high -0.55 vs. 0.52 n.s.
GS-clonal extension low -0.51 vs. 8.11 *** GS-clonal extension high -4.79 vs. 2.07 * the coniferous transects which can be explained by site conditions. In the ancient deciduous stands mull humus prevails, whereas the recent coniferous stands are dominated by moder. Only three species are ancient indicator species in the deciduous transects, which is not surprising for two reasons. First, several forest species have been observed in meadows or extensively pastured meadows, e.g. A. nemorosa and M. bifolium (Wulf 2004) . It is possible that they have survived as small populations over a long time in the former moist grassland (Graae 2000; Flinn & Vellend 2005) . Second, the mean age of the deciduous recent stands is 54 years, and thus 24 years older than the coniferous recent stands. There was simply more time to colonize the deciduous recent plots (Brunet & von Oheimb 1998) . The preference of certain species for recent stands in the coniferous transects is possibly caused by a steeper environmental gradient between ancient and recent plots compared to the deciduous transects. The preference of P. sylvestris is due to enhanced seed rain, whereas the preference of other species could mainly be explained with differences in light conditions and humus types.
Preference of species for coniferous vs deciduous sites
Among the 14 species occurring significantly more often in recent part of the coniferous transects, eight are trees and shrubs (67%). This may be caused by the high light flux to the ground and the acidic humus type 'moder', which provides optimal conditions for their regeneration (Hofmann 1964) . The herbaceous species being more frequent in the deciduous transects are mainly (65%) indicators of moist soils. Thus, they benefit from slightly moister soils in the deciduous stands (Table 1) .
Colonization patterns
The total number of species, number of species in all species groups and in trait subgroups are comparable (App. 1). This confirmed our assumption that many forest specialists and generalists can potentially occur in coniferous stands with a good nutrient availability and at least moderate water availability. Investigations in NE Germany (Hofmann 1964) revealed that several of our species regularly occur in Pinus stands, e.g. A. nemorosa and S. holostea. The decreasing cover values of most of the species groups with distance from the ecotone can be explained by dispersal limitation during the colonization of recent forests (Verheyen et al. 2003) . However, recovery of Pinus stands can be assumed to be fast since the stands are only 30 years old.
Woody vs. herbaceous species
The retarded migration of plant species into recent stands was also observed by, for example, Brunet & von Oheimb (1998) and Bossuyt et al. (1999) . However, the relatively flat regression lines of the woody species proved their ability to effectively colonize coniferous and deciduous recent stands. For most of the tree species, this can be explained by their high wind dispersal potential due to low terminal velocities in combination with high exposition height of their diaspores (Tackenberg 2001) . Since most of the shrub and some of the tree species produce fruits attractive to birds or mammals, their seeds are also easily dispersed (Schaumann & Heinken 2002) . The positive steep slopes of generalists in the deciduous stands are not unexpected for several reasons. The generalists (mostly grasses) produce many small seeds, and some of them are highly competitive due to their long stolons or rhizomes. These traits enable them to occupy large areas after initial colonization of forests with a less dense canopy, and to reach quickly high cover values (Ellenberg 1988) . All recent stands have been formerly used as grassland which enables the establishment and survival of many generalists as adult plants (Wulf 2004) . Finally, there may be simply more space for generalists due to the reduced number and cover of forest specialists. 
Forest specialists vs. generalists
In the deciduous transects the forest specialists with low dispersal potential may possibly compensate the lack of adaptations to long-distance dispersal with extensive clonal growth. However, the steep negative slopes indicated that dispersal limitation could not be compensated with high clonal extension. This agrees with the prediction that forest specialists with low colonization potential are dispersal limited. The high cover of grasses (significantly negative correlation between cover of graminoids and forbs: -0.431, P<0.001) has obviously negative effects on recruitment and establishment of most forest specialists in recent stands (Sydes & Grime 1981) .
There may be no significant difference in colonization pattern between short-and long-distance dispersers among the generalists subgroup, because species may come from different directions (ancient stands or open landscape) or may have been present prior to afforestation Wulf 2004 ). The same is true for the species with low and high clonal extension which are more abundant far away from the ancient stands (cf. Brunet & von Oheimb 1998) . In general, the trends for forest specialists in coniferous transects are similar to those of the deciduous sites, but there is a clear significance for the forest specialists/dispersal potential and clonal extension-subgroups. The distinctively flat slopes indicated that migration of species into coniferous recent stands is more accelerated than into deciduous recent stands. This is an unexpected result, and the most convincing explanation is that the litter of Pinus is a much weaker barrier for colonization than a dense grass cover.
Implications for regeneration of recent stands
Our own, and previous studies in Poland (Dzwonko 2001) , have demonstrated that several forest species are able to colonize Pinus plantations adjoining deciduous forests when these were established on soils with good nutrient supply and at least moderate water balance. Similar results were found for Picea abies stands on base-rich soils in a landscape with high forest connectivity (Hérault et al. 2005) . In the context of enhancing species diversity, forestry in the European Union aims to increase the proportions of mixed or deciduous forests (Spiecker 2003; Wulf 2003) . Our results suggest that conversion of coniferous into deciduous forests is preferably conducted on sites with good nutrient and water supply that adjoin ancient deciduous forests, the latter serving as source for forest specialists. From our results we can conclude that it is not necessary to convert smaller stands with nearby diaspore sources by means of planting trees, because many trees and shrubs colonize the coniferous stands quicker than the herbaceous species. Thus, management (e.g. cost-intensive plantations) could be reduced to a large extent which may be attractive from an economical point of view. From the comparison with deciduous recent stands we can appreciate that the former land use plays an important role for colonization patterns of forest and other species. Deciduous stands do not guarantee higher richness of forest specialists. If recent stands are established on former grasslands, one major management task must be suppressing the dense cover of grasses in order to facilitate colonization of forest species. This can be achieved by means of the development of tree species forming a dense canopy which negatively affect light demanding grass species, but increases the chance of colonization by shade-tolerant forest specialists (cf. Hérault et al. 2005) .
